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BaCkground: 
•	Cross	country	skiing	is	a	biomechanically	complex		
sport	1.
•	There	is	limited	prospective	cross-country	ski	injury	
incidence	data	to	confirm	whether	the	repetitive	
endurance	training	predisposes	skiers	to	overuse	injuries.
•	In	retrospective	studies	reporting	injury	percentages,	
overuse	and	acute	traumatic	injuries	to	the	lower	leg,	
and	spine	are	most	commonly	reported	2,	3,	4,	5,	6	.	
•	Cross-country	ski	injury	incidence	rates	of	1.35	overuse	
injuries,	and	0.73	acute	injuries	per	1000	exposure	
hours	have	been	reported	7.
•	Injury	and	training	surveys	help	to	establish	the	
incidence	and	severity	of	injuries	and	provide	data	for	
the	first	step	of	injury	prevention	research.	
•	Movement	screening	may	be	useful	to	identify	risk	
factors	for	future	injury,	providing	data	for	research	into	
aetiology	and	mechanisms	of	injury.
Study oBjeCtIveS: 
•	To	describe	the	demographics,	movement	
characteristics,	injury	type	and	incidence	of	elite		
cross-country	skiers	in	north-eastern	America.	
•	We	hypothesized	that	lower	extremity	injury	incidence	
would	be	higher	than	other	body	regions.	
•	Secondary	aims	were	to	determine	if	new	injury	
correlated	with	any	movement,	demographic,	history,	
training	or	injury	factors.
r e s u lt s
I. Male SuBjeCtS had hIgher MCS 
SCoreS than feMaleS
Subject enrolment 
variableS and 
mean mcS and 
muScular ScoreS
men (Sd)
n=35
Women (Sd)
n=36
p-value
Mean height (cm) 177.9 (6.8) 168.5 (6.7) < .05*
Mean weight (kg) 71.1 (7.3) 62.3 (7.1) < .05*
Mean BMI 22.5 (1.4) 21.9 (1.7) 0.17
MCS Score 14.4 (1.5) 12.6 (1.4) <.05*
right hamstring 
length (degrees) 73.7 (12.3) 75.5 (11.0) 0.51
left hamstring 
length (degrees) 72.7 (10.8) 76.1 (11.4) 0.19
trunk muscle 
endurance ratio 
(flexor/extensor)
1.0 (0.6) 0.9 (0.4) 0.25
III. new Injury CorrelateS 
wIth Injury hIStory
variable Spearman’S 
correlation reSult
MCS score p = .63
right hamstring length p = .17
left hamstring length p = .36
trunk muscle endurance ratio p = .97
Injury history p = .04*
years of skiing p = .54
All training/exposure hours p = .30
run training hours p = .08
roller ski hours p = .93
* = significant at .05 level
II. hIgh InCIdenCe of lower 
extreMIty InjurIeS
type of injury injury 
incidence
type of injury injury 
incidence
p-value
all injuries 3.81
le 2.13 ue 0.46 < .05*
le 2.13 trunk 0.22 < .05*
le 2.13 low Back 0.08 < .05*
overuse non-
traumatic 2.76
acute  
traumatic 1.05 < .05*
off season 5.25 Ski season 2.27 0.07
Iv. lower extreMIty InjurIeS 
oCCurred MoSt often
Number of new injuries by body region and by gender. 
Numbers in bars show number of new injuries, number in 
parentheses show number of subjects reporting the new 
injuries.
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new Injury Body regIonS
lower extreMIty
38 (n=14)
total Injured
Females (n=14/23)
total Injured
Males (n=13/18)
20 (n=10)17 (n=4)
10 (n=7)
2 (n=2)
2 (n=2)
m e t h o d s
d I s c u s s I o n  a n d  c o n c lu s I o n s B I B l I o g r a p h y
2. DAtA AnAlysis 
I.	 Descriptive	statistics	were	used	to	describe	and	explore	the	characteristics	of	the	subjects.
II.	 Injury	incidence	was	calculated	as:	mean	number	of	injuries	per	subject	per	1000	training	
hours.
IIII.	 Spearman’s	correlation	was	used	to	determine	if	a	relationship	existed	between	new	
injury	and	the	following	variables:	MCS	score,	hamstring	length,	trunk	muscle	endurance	
ratio,	injury	history,	years	of	skiing,	training/exposure	hours.
IV.	 The	frequency	of	new	injuries	by	anatomic	region	was	reported.
1. Study proCeSS
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•	Cross-country	skier	new	injury	correlated	with	previous	
injury	(consistent	with	current	literature12)	suggesting	
prevention	of	initial	injury,	and	close	monitoring	
of	previously	injured	athletes,	are	important	injury	
reduction	and	prevention	strategies.
•	Cross-country	skier	new	injury	did	not	correlate	with:
°	mean	MCS	score	(contrary	to	dancers10,	but	
comparable	to	rowers11).
» The	relationship	between	movement	screening		
and	injury	needs	further	study.
°	exposure	hours	(contrary	to	endurance	sport	
literature2,	10,	11,	12).
» Training	exposure	in	our	study	may	have	been	
insufficient	to	influence	injury.
•	Consistent	with	the	current	literature:	
°	the	incidence	of	overuse	and	lower	extremity	injuries	
were	highest12,	supporting	ongoing	research	into	the	
reduction	and	prevention	of	these	injury	types	in	
cross-country	skiers.
•	Training	and	injury	data	from	multiple	consecutive	years	
may	better	demonstrate	differences	between	ski	season	
and	off-season	injuries.
•	Cross-country	skier	mean	MCS	score	is	comparable	to	
netball	players9,	dancers10,	and	rowers11.
°	Ongoing	study	of	MCS	scores	and	injury	incidence	
from	active	populations	will	improve	knowledge	
about	the	relationships	between	movement	patterns	
and	injury.
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movement 
screening
• MCS video recording. 
5 movements, 3 repeti-
tions in 3 views (Fig A).
•  Active straight leg raise 
Degrees of hip flexion 
left and right (Fig B).
• McGill trunk flexor en-
durance time (Fig C).
•  Biering-Sorenson 
trunk extensor en-
durance time (Fig d).
enrolment
• Complete paper  
consent.
• Complete online 
intake survey includ-
ing demographics, and 
history of injury and 
skiing.
• Log on to personal 
email to receive 
unique link to month 
1 training and injury 
survey.
year long 
activities
• Complete 
automated monthly 
survey for 12 
consecutive months.
• 35 men and 36 
women enrolled
• 18 men and 23 
women completed 
the study
recruiting
• E-mail coaches 
of north-eastern 
USA professional 
and university cross-
country ski teams to 
establish interest.
• Researcher attended 
ski team meeting 
to explain study 
process, and 
invite skiers to 
participate.
fIg a. MoveMent CoMpetenCy SCreen (MCS) 8 fIg B. aCtIve StraIght leg raISe
fIg C. trunk flexor enduranCe
fIg d. trunk extenSor enduranCe
Squat
Bend 
& pull
Single 
leg 
Squat
Push-up
lunge 
& twist
